Superior vena cava syndrome (SVCS) is usually caused by extrinsic compression or invasion of the superior vena cava (SVC) by malignant tumors involving mediastinal structures. Although thymomas are well-known causes of SVCS, cases of SVCS caused by malignant thymomas protruding into adjacent vessels draining the SVC with thrombosis have been very rarely reported worldwide. We experienced a 39-year-old female patient with SVCS that developed after the direct invasion of the left brachiocephalic vein (LBCV) and SVC by an anterior mediastinal mass with a high maximum standardized uptake value on the chest computed tomography (CT) and positron emission tomography-CT. Based on these results, she underwent en bloc resection of the tumor, including removal of the involved vessels, and was eventually diagnosed as having a type B2 thymoma permeating into the LBCV and SVC. We present this case as a very rare form of SVCS caused by an invasive thymoma.
1
Departments of 1 Internal Medicine, 2 Thoracic and Cardiovascular Surgery, 3 Radiology, 4 Pathology, and 5 Nuclear Medicine, Dankook University College of Medicine, Cheonan, Korea Superior vena cava syndrome (SVCS) is usually caused by extrinsic compression or invasion of the superior vena cava (SVC) by malignant tumors involving mediastinal structures. Although thymomas are well-known causes of SVCS, cases of SVCS caused by malignant thymomas protruding into adjacent vessels draining the SVC with thrombosis have been very rarely reported worldwide. We experienced a 39-year-old female patient with SVCS that developed after the direct invasion of the left brachiocephalic vein (LBCV) and SVC by an anterior mediastinal mass with a high maximum standardized uptake value on the chest computed tomography (CT) and positron emission tomography-CT. Based on these results, she underwent en bloc resection of the tumor, including removal of the involved vessels, and was eventually diagnosed as having a type B2 thymoma permeating into the LBCV and SVC. We present this case as a very rare form of SVCS caused by an invasive thymoma.
Keywords: Thymoma; Superior Vena Cava Syndrome; Positron-Emission Tomography thrombosis secondary to indwelling central venous devices or some rare occasions of thrombogenic states, such as antiphospholipid syndrome 1,2 or Behcet' s disease 3 . Thymoma is the most common primary tumor arising in the anterior mediastinum and one of the well-known causes of SVCS. The vast majority of SVCS cases caused by thymomas are developed by the extrinsic compression of the superior vena cava (SVC) rather than the direct vascular invasion of the tumor. In addition, although invasive thymoma and thymic carcinoma have a tendency to infiltrate adjacent organs, such as the mediastinal pleura, lungs, pericardium, great vessels and heart 4 , there are very few reports in the medical literature regarding SVCS caused by an invasive thymoma protruding into the left brachiocephalic vein (LBCV) and SVC with thrombus formation
Introduction
Superior vena cava syndrome (SVCS) usually occurs either by the extrinsic compression of malignant tumors invading the mediastinum or fibrosing mediastinitis, or by the de novo www.e-trd.org fering from facial edema and dyspnea for 1 week. She was previously healthy and had never received any intravascular procedure in the heart or great veins. An initial neck computed tomography (CT) revealed extensive thrombosis in the LBCV and SVC extending into the right atrium. To define the cause of thrombogenic states, laboratory tests including antinuclear antibody, anticardiolipin antibody, lupus coagulant, protein C and protein S activities, antithrombin III, factor V Leiden mutation, human leukocyte antigen-B51 and skin pathergy test were performed, but all results were normal. Despite anticoagulation treatment with 60 mg of enoxaparin twice a day for 10 days, the extent of SVC thrombosis was not reduced.
To investigate her underlying pathologic condition, a chest CT was additionally performed, and the anterior mediastinal mass invading the LBCV and SVC was defined ( Figure  1 ). An additional positron emission tomography (PET)-CT performed to evaluate the extent of the mass and the degree of malignancy showed a well-defined hypermetabolic lesion with the maximum standardized uptake value (SUVmax) 6.0 along the LBCV extending into the proximal SVC (Figure 2 ).
Based on these results, she was presumed to have a malignant mediastinal tumor such as invasive thymoma or thymic carcinoma invading the adjacent great veins, and en bloc resection of the tumor with the involved vessels was performed. Pathologic findings confirmed her diagnosis as a SVC thrombus with type B2 thymoma, a predominantly lymphocytic thymoma with scattered plump cells and vesicular nuclei, invading the LBCV and SVC (Figure 3) , and the postoperative stage was defined as III based on Masaoka' s classification 7 .
The patient was discharged from the hospital 16 days after the operation, and has been on the course of postoperative radiation and chemotherapy as adjuvant treatment.
Discussion
SVCS is the clinical manifestation of various degrees of SVC obstruction and stenosis, with severe reduction in venous www.e-trd.org return from the head, neck, and upper extremities. About 60% to 90% of SVCS cases have been reported to be caused by the extrinsic compression or invasion of the SVC by malignant tumors, such as non-Hodgkin' s lymphoma and small cell lung cancer 2 , and the de novo thrombosis developed by long-term indwelling intravascular devices and hypercoagulable states are also considered as an important etiology. Our patient was initially diagnosed with SVCS caused by the SVC thrombosis based on her clinical manifestation and the radiologic evidence of the thrombotic occlusion of the SVC. However, the etiology of thrombosis was not clear because of the limited evaluation of the neck CT and normal results of the laboratory tests for thrombophilia. Further tests for the mediastinal mass were needed, and malignant thymomas were suspected prior to the operation based on the results of the chest CT and PET-CT scan.
Thymoma has been known as the most common primary tumor occurring in the anterior mediastinum, but the incidence is estimated to be only 0.15 cases per 100,000 person years in the United States 8 . Because of the slowly progressing and indolent characteristics of thymomas, patients with thymomas are often asymptomatic 9 , and, if present, most symptoms result from the mass effect or the invasion of the tumor on adjacent structures 10 . Although invasive thymoma and thymic carcinoma have a tendency to infiltrate adjacent organs in the mediastinum, almost all SVCS cases by thymomas result from the extrinsic compression by the tumor. By far, SVCS caused by the intravascular permeation with thrombus formation of malignant thymomas have been very rarely reported worldwide 4, 5, 11 , and the present case is the first report of SVCS caused by this unusual pattern of invasion in a patient with invasive thymoma in South Korea. The mechanism of this rare form of SVCS was not fully understood, but the thymic veins draining the LBCV have been suggested as possible entrance routes according to previous reports 4, 5 .
With an increasing use of the PET-CT scan, the utility of PET-CT scan in the perioperative evaluation of thymic tumors has been reported in several studies. These studies tried to differentiate the grade of malignancy of thymic tumors using the SUVmax of the tumor or the tumor/mediastinum (T/ M) SUVmax ratio defined as the ratio of the peak SUVmax of the tumor to the mean SUVmax of the mediastinum. In these www.e-trd.org studies, thymomas were classified into low risk (type A, AB, and B1) and high risk (type B2, B3, and C) thymomas based on the World Health Organization (WHO) histological classification 12 . The results suggested that the SUVmax of 3.5 or the T/M SUVmax ratio of 2.75 were the cut-off value for the differentiation of low risk and high risk thymomas 13, 14 . In this case, the patient was presumed to have high risk thymomas prior to the surgery based on the high SUVmax of 6.0, and the pathologic diagnosis was also confirmed with a high risk (type B2) thymoma as expected.
The treatment of thymomas involves a combination of the surgery, radiation and chemotherapy, but the mainstay of treatment, even for extensive cases, is the surgical resection 15 . The choice of the combination modality is determined based on the stage of the disease. In cases of stage III and IV diseases 7 , the standard primary treatment is the surgical en bloc resection with the radiation therapy as adjuvant treatment, and the chemotherapy can be considered as a possible option in the induction and adjuvant settings 15 . Thymic tumor invasion of the SVC has been regarded as a major determinant of poor prognosis and thus, complete surgical resection including the involved veins is crucial in a successful treatment 11 . The present case was confirmed with an invasive thymoma with stage III based on Masaoka' s classification, which defines macroscopic invasion surrounding the lung, pericardium, SVC, or aorta 7 . The patient underwent the complete en bloc resection of invasive thymoma with the involved vessels, and the postoperative radiation and chemotherapy has been done as an adjuvant treatment.
In summary, we present a very rare form of SVCS caused by the direct intravascular invasion and thrombus formation of an invasive thymoma. The complete en bloc resection of the tumor is the most important protocol for the successful treatment of the disease, and the postoperative radiation therapy with chemotherapy is expected to improve survival after the operation. The PET-CT scan was valuable in differentiating the grade of malignancy in thymomas and making an adequate surgical plan in perioperative evaluation.
